This paper reports the production of bituminous road mats with bitumen sourced from the Nigerian Tar sand, recycled waste rubber and paper, and rock mineral aggregates for cold patching of flexible pavement. The bitumen extracted was evaluated for yield, physical and mechanical properties in accordance with ASTM and AASHTO procedures. The bitumen was mixed with rubber chips to produce rubberized bitumen for production of road mats. The unit cost of production per square metre of the road mat was developed and compared with that of the imported Broom Road Product (BRP). The bitumen extracted from the Nigerian tar sand is suitable as straight run bitumen and production of bituminous cold patch road mats at relatively cheaper cost than the BRP. An immediate action plan for exploitation of the untapped resources of bitumen should be instituted by government and private entrepreneurs for production of road mats for cold patching of flexible roads.
INTRODUCTION
Road surface patches, either partial or full depth, are common methods of treating an area of localized distress. Typically hot-mix asphalt (HMA) patches are full depth [1] and generally used for road repairs as a routine maintenance practice. Cold mix asphalt, on the other hand, is used for road patching only with placement advantage without the stringent quality control of the HMA and lower working temperature. In the full depth repairs, the HMA must be delivered to the job site within a fixed period of time and condition, while the mix had to be continually heated till the pothole or localized distress being repaired is appropriately accomplished. This is cumbersome and most times ineffective as the constraints by either the weather and or haulage distance to the repair points from the asphalt production yards becomes safety challenges and too expensive for small street repairs. Many prepared pothole locations are left uncompleted until HMA quality required meets the minimum quantity of purchase order dictated by an external supplier. The potholes would eventually become challenges to the suspension system of the transporting vehicles, and may cause accidents as drivers dodge the potholes. In fact, the cold patch technology has been adopted in most developed countries as a viable alternative to the prolonged hot mix asphalt method of road repairs in terms of weather and environmental friendliness and timeliness in immediate application. One of the forms of cold asphalt pavement maintenance repairs is road mat products patented as BRP mat in South Africa and whose innovative costeffectiveness for modern day pavement maintenance, management and stabilization has been accomplished in South Africa [2] and most recently being patronized in Nigeria [3] . BRP mat patch is a factory fabricated road repair product manufactured on Kraft paper onto which a rubberized bitumen binder hold the precoated aggregates of various sizes. BRP road patch is supplied in sheets, at dimensions of 1.0 m by 0.75 m with a mass of between 4 and 20 kg depending on the aggregates size, and have been reported to have been successfully used to repair bituminous roads in South Africa [2] . BRP road maintenance product is characterized by quickness, simplicity and overall economic benefits in installation because it normally creates minimum disruption to traffic. It easily conforms to technical and technological specification, eliminates waste, and reduces skilled labour intensity because its production is under factory control conditions. One other major reason that rekindled the interest of Cold Patching which has resulted in its worldwide use today is its use in the wet season and the ease of application without requiring so much labour and equipment [4] . The only local source of bitumen at present in Nigeria is at the Kaduna refinery which is also based on external sources, because it is a by-product of imported heavy crude from Venezuela, whereas Nigeria can boast of a huge deposit of tar sand in Ilubirin, Agbabu and Loda, Ondo State, which is still largely untapped. The Nigerian tar sand deposit is up to about 14.86 billion barrels in quantity, characterized to yield bitumen of 25% and designated as good to medium grade for reasonable economic investment since the yield is more than 5-10% [5, 6 and 7] . The desirable socio-economic multiplier effects for a developing economy such as Nigeria with the respective high bitumen yield and desirable quality for pavement works needs no emphasis. With the motor industry developing and spreading at a higher pace in all parts of the world, high amount of scrap tires are produced every year, which makes the disposal of tyres a serious environmental problem [8] . Waste tyres constitute a serious environmental problem that many countries have to face as they accumulate rapidly and they are neither easily disposed of nor degradable. An estimated 5 million scrap tyres from trucks, cars and motorcycle existed in Nigeria in 1983. With an annual generation rate of 15%, each year about 700 -850 thousand scrap tyres are added to the waste stream. About 15 million scrap tyres are now estimated to exist in Nigeria [9] . Many approaches have been considered in recent years for treating and improving the conventional asphalts, such as the introduction of the additives in order to improve their properties. The use of crumb rubber from waste tyres in asphalt has been an alternative to minimize their ecological impact and, simultaneously, to improve the mechanical properties of the asphalt mixtures [10] because rubber fibre as a naturally occurring polymer when added to bitumen increases its elasticity and softening point but decreases its brittleness. The addition also offsets any tendency for the richer material to be prone to wheel tracking [11] because the addition of the crumb rubber into the virgin asphalt induces a significant increase in the binder viscosity. As viscous property of asphalt rubber is critical to mixture compaction temperature and binder workability during storage and pumping process, the viscosity of asphalt rubber has been the central focus in previous research work [12] and [13] . Rubber is generally added to bitumen when it is being laid over areas that are known to be liable to reflective cracking, whether it be from joints in concrete roads, failure of lean concrete road or underlying movement in the road pavement [11] . Kraft paper is paper produced by Kraft process from wool pulp. It is strong and relatively coarse. Kraft paper is usually a brown colour but can be bleached to produce white paper. It is used for paper grocery bags, multi wall sacks, envelopes and other packaging. Its main function in the road mat production is to act as the carpet on which the bituminous mixes would be laid for desirable curing to be accomplished. The aggregate used for chip seals defines how well the seal will perform. The best aggregates have high durability, abrasion resistance; contain little, if any dust and nearly one-sized as much as possible [14] . The surface texture should be rough and the aggregate should be resistant to polishing under traffic. The fact that a road can be opened to traffic immediately after application of the cold patching to reduce traffic congestion and the concomitant economic losses on the road during the maintenance work involving patching of pothole on busy or peak period traffic, coupled with the potential to generate employment for the dwellers in the vicinity of the deposit and the nation at large, makes the study imperative. The aim of the research therefore is to produce bituminous road mats using locally sourced materials as cost effective alternative to prolong time consuming and health hazardous hot mix asphalt and the imported broom road mats currently in use for cold mix pothole repairs in Nigeria. The objectives include the extraction of bitumen from Nigerian tar sand and characterisation for standard bituminous mixes, production of rubberized bitumen binder, fabrication of bituminous road mats with the rubberized binder, determination of unit cost of production of the road mats and establishment of the economic advantage of locally fabricated road mats over the imported BRP for pot holes repairs in Nigeria.
Materials and Methods
The materials needed for fabrication of the cold patch road mat consist of bitumen, aggregates, crump rubber and kraft paper. In all the visited deposit locations, tar sand was found either at the surface of the ground or shallow depths and on water surfaces. Manual sampling of tar sand was employed just on the clearing of the grasses and shrubs on the surface. In Ilubirin the bitumen tar sand was extracted on the surface of flowing stream with utmost ease, just as if one were fetching water from the stream. The samples taken were most likely outcroppings and seeps that have migrated to the surface over time due to lack of commercial mining of the bitumen. Figure 2a and 2b show the pictorial view of the tar sand sample collected from one of the locations and scooping of tar sand from the surface of a stream respectively.
Granulated chips and the Aggregates
Granulated chips of rubber were produced from used tyres for the purpose of this work. Disposed used tyres were collected and cut into pieces. These were then taken to a local rubber/plastic grinding factory located at Abule-Egba, Lagos state, where it was grinded. Figure 3 and Figure 4 shows the heap of the rubber chips and samples of aggregate sizes used respectively. For the purpose of this study, 15%, 20%, 25%, 30% and 35% of granulated rubber by weight of bitumen was used. The mineral aggregates used for the research was sourced from Bellison Nig. Ltd Quarry, Ilorin, Kwara State. Sieve analysis was carried out to arrive at gradation of the aggregates with sizes ranging from 0.075 to 12.5mm. Three different sizes of aggregate granite chippings (4.75, 9.5, 12.5 mm) and mixture of the three sizes in ratio 1:1:1 were employed in the production of the bituminous road mats.
The Kraft Paper: Kraft paper from used powder milk cartoon was used for this research. Kraft paper is paper produced by Kraft process from wool pulp. It is used for paper grocery bags, multi wall sacks, envelopes and other packaging and becomes waste hazard thereafter until designed for other alternative use. The Kraft papers used for this project were bought from powdered milk seller at the rate of N50.00 per bag which was used to produce two samples of the mat. Figure 5 shows a sample of used cartoon milk bag. The characteristics of this Kraft paper in terms of density, thickness and colour were found to be 1.1g/cc, 0.25mm and brown/white respectively. temperature, the bitumen was easily expelled to the surface of the boiling water when the heat source was removed, and the floating bitumen was scooped off from the top of the water inside a pre-weighed container. Accompanying water then flowed to the surface of the bitumen storage after the solidification of the bitumen. The water was then dispensed off and the sample re-weighed. Fig.6 shows schematic diagram of extraction of bitumen from tar sand.
Evaluation of the Locally Sourced Materials
The bitumen extracted from the Ilubirin, Loda and Agbabu Tar Sand deposits were characterised with the corresponding international standards for the physical, strength and other properties. After solidification, the accompany water will be dispose off bitumen which occurred at about 160 o C to produce the rubberized bitumen. The Kraft paper (0.27m 2 ) of dimension 450 x 600 mm was placed on the wooden form work. Aggregates of nominal sizes (4.75, 9.5, 12.5 mm or a mixture of the three sizes in equal proportion by weight) were evenly spread on the kraft paper; ensuring their complete compactness and tightness. About 0.81 litre of rubberized bitumen was then sprayed on the aggregates tightly placed on the Kraft paper (0.27m 2 ) to produce the road mats which translate to 3litre/m 2 . The produced Road Mats were air cured for 7 days to gain initial strength. The flow chart of the production of the road mat is as depicted in Fig. 8 , while the samples of the final product of locally produced cold patch road mat is as depicted in Fig. 9 .
Production cost development
In order to develop a realistic unit cost of production for the bituminous road mat, a market survey of the prices of the various components was undertaken in Ilorin during the months of December 2013 and January 2014. The outcome was used to develop the prevailing material unit cost ensuring that the respective transportation costs were reflected. The quantities of the materials were also computed based on the mat size of 450 by 600 mm and rubberized bitumen spray rate of 3 litre/m 2 . The production rate was N1,671.90/m2 and at hiring rate remuneration for semi-skilled labour in the semi urban region of Nigeria. The various rates/cost are translated to a unit rate of square meter of mat for a comparison of the unit cost of the locally produced cold patch road mat with the cost of the imported BRP mat. The latter was purchased at the rate of N5, 000.00 per square metre. The cost and quantity data base employed for development of the unit price is presented in the Appendix.
3. DISCUSSIONS OF RESULTS 3.1 Properties of the materials. Tables 1-3 present the outcome of the various laboratory tests performed respectively on the extracted bitumen, the aggregates and the cost of fabrication of the bituminous road mat. The standard values (specifications) for bituminous pavement works [26] were also included in order to clearly present a compliance status for the various mix components. Also the test results on the kraft paper compared favourably with those of the imported samples of the kraft paper. The colour, density and thickness respectively of brown/white, 1.1g/cc and 0.25mm were in complete agreement with the specifications for road mat. This implies the likelihood of the satisfaction of the functions of the kraft paper in the performance of locally produced cold patch road mat.
It is also an alternative use for the packaging paper instead of being discarded and thrown away.
Comparative Analysis of Physical Properties of BRP and Locally Produced Cold Patch Road Mat
Despite the fact that the locally produced cold patch road mat and the imported BRP are produced with the same sizes of aggregate of 4.75 mm and 9.5 mm, the resultant mass/ unit area varies. Sieve analysis in general has been used for decades to monitor material quality based on particle size and it assumes that all particles will be round or nearly round and will pass through the square openings. However elongated and flat particles in a sieve analysis will not yield reliable results, as the particle sizes reported will be based on assumption of similar size in three dimensions.
3.3 Production costs of cold patch mat from Nigerian tar sand. A comparison of price of the locally produced cold patch mat to the imported BRP cold patch from South Africa indicates a very substantial advantage. The Nigerian tar sand cold patch mat was produced at a rate of less than N1, 671.90 for a sheet of 1.00 m 2 as against that of N5, 000 for the same area with the imported BRP cold patch. This shows a 300% difference in favour of the locally produced cold patch mat. It will be a welcome development for cost reduction in the pavement maintenance with cold patch once the post installation performance of the Nigerian cold patch road mats is satisfactory or reasonably comparable with that reported for the imported mats. The development of the extraction of bitumen from the tar sand will add value to the entire economy of the rural area of deposit in particular and Nigeria in general. The foreign reserve depletion in the process of paying for either the imported BRP or the bitumen alone will drastically reduce because at present Nigeria spend about Seventy-Two Billion Naira (N72 billion) annually on importation of bitumen for road construction [28] . The present price of bitumen is N175/litre which means that Nigeria import about 450,000 tonne of bitumen per annual. The work further reveals that, the road mat fabricated substantially from locally sourced materials and or yet untapped natural resources has the significant elimination of sustained boxing out of potholes in readiness for cold patching, applicable in normal/cold adverse weather conditions, no-expensive tools and road opening to traffic immediately after repair or patching. It is equally environmentally friendly because of the usage of the used tyre, provides a highly flexible and totally water proof seal. The use of crumb rubber from waste tyres has been an alternative to minimize their ecological impact and, simultaneously, to improve the mechanical properties of the binder (bitumen) mixtures.
CONCLUSIONS AND RECOMMENDATIONS 4.1 Conclusions
Based on the results of the research carried out on the production of bituminous road mats from locally sourced materials, costing and in comparison with an imported Broom Road Products already commonly in use by Federal Road Maintenance Agency [FERMA] for cold asphalt patching and road maintenance, the following conclusions were deduced:
i) The bitumen extracted from the Nigerian tar sand deposits, are appropriate in terms of yield for commercial investment and compliance with pavement surfacing works in Nigeria. ii) The rubberised bitumen and the physical and strength properties of the mineral aggregates are in consonance with the Nigerian national and the international standards of BS, ASTM and other conditions for bituminous surfacing. (iii) For economic consideration, the locally produced bituminous cold patch mats produced at a cost of N 1,671.90 per square meter has about 300% cost advantage over the South African imported BRP mats and may even imply a much higher potential of generating more employment, if manufactured in large and commercial quantity.
Recommendations
The followings are recommended to further support the local fabrication of the cold patch mat: a) A consideration of the Locally Produced cold patch mats for roads in preference to the imported ones should be given a high premium based on the over 300% cost advantage, and on the confirmation of suitability of Ilubirin, Loda and Agbabu (in Ondo state) tar sand for the fabrication of cold patch mat. The exploitation of the bitumen from this tar sand deposit should be more seriously pursued by both the government and or the private investors because it has a high catalytic influence on employment generation. b) The possibility of mass production of this local cold patch should be further studied from the mechanical/industrial point of view.
